ABSTRACT: Spatial variability in abundance and age distnbution of 2 infaunal bivalves, Cerastoderma edule (Linnaeus, 1785) and C. lamarcki (Reeve, 1845), were quantified using hierarchical sampling programs. The scales investigated ranged between 10' and 10' m. Analyses of variance revealed significant vanability in abundance among sites within bays (-100 m apart) for both species and also among bays (-1 km apart) for C. lamarcki. Mean age vaned at several spatiai scales. For both species, however, the scale contributing most to the variation was bays, which provided about 40 % of the total vanation for each species. Randomization procedures were used to test the generality of previous observations of non-random distributions of year classes (namely number of year classes and dorninance by Single year classes). These analyses showed that for both species a spatial unit contained significantly fewer year classes and the most abundant year class was significantly more abundant than expected by chance. These results were consistent for ali spatiai scales except among plots (-10' m apart) in C. lamarcki. The necessity to assess spatial patterns at a wide range of spatial scales is emphasized. Potentially important processes (focusing on larval supply and recruitment) which generate the observed patterns and general implications of spatial vanability are discussed.
INTRODUCTION
Spatial variability is a fundamental characteristic of anirnal and plant populations and community structure, as well as of the environment which the organisms inhabit. Observation of spatial or temporal variability of some variable (e.g. abundance of an organism) is often the starting point from which questions and hypotheses about important processes on the individual, population or community level are generated (Levin 1992) . Spatial variability may have major functional consequences to processes acting on different levels of organisation. Processes, such as reproduction, competition and predation, may be severely affected by the spatial distribution of individuals in a population or a cornmunity and consequently many authors have urged the incorporation of spatial heterogeneity into population and community models (Kareiva 1990 , Hanski 1991 . The potentially extensive ecological consequences of spatial heterogeneity and the fact that models and hypotheses, e.g. about the distnbution of some organism, are based on observations emphasise the need for objective and general field observations (Underwood 1991) . It is important to clarify the fundamental, logic distinction between the objectives of observational studies and controlled experiments. The former can only be used to detect patterns of variability, whilst the latter have the potential of evaluating hypotheses about specific mechanisms (Underwood & Denley 1984 , Underwood 1985 . Nevertheless, general observations of patterns in nature play a crucial role in defining relevant questions and evaluating predictions from general models.
Following Pielou (1977) , many authors distinguish between 2 features of spatial patterns: intensiv and grain. Intensity represents the relative differente be-Mar. Ecol. Prog. SI tween areas of high and low density. Grain is the size and arrangement of areas of high density. A description of spatial Pattern is, however, always connected to a certain, clearly specified, spatial level and is not necessarily relevant to other spatial scales. This makes the characterization of spatial patterns more complicated (Hurlbert 1990 , Kotliar & Wiens 1990 , and the necessity to assess spatial patterns at multiple spatial scales becomes evident (Levin 1992) . In descriptions of observed patterns, the heterogeneity can be evaluated either at a continuous scale (e.g. autocorrelation techniques), or within a hierarchical frarnework (e.g. nested analysis of variance). In benthic, soft-bottom ecology, serial data and spatial autocorrelation techniques have been used to define the patch structure within a specified area (e.g. McArdle & Blackwell 1989 , Thrush et al. 1989 . Others have adopted the approach of hierarchical analyses of variance, using either a regular (Green & Hobson 1970) or a randomized sampling design (Morrisey et al. 1992) .
In this study the spatial variability in abundance and age structure of Cerastoderma edule (Linnaeus, 1785) and C. lamarcki (Reeve, 1845) are investigated [C. lamarcki was formerly referred to as C. glaucum in northern European waters; e.g. Boyden (1971) but See Brock (1987) l. Both species are conspicuous infaunal components of littoral, muddy-sandy bottoms along the Swedish west coast, in addition to most of the European Atlantic coast (Brock 1979) . The 2 species may be found sympatncally, although it is often held that the core habitats differ between the 2 species with regard to salinity, sediment charactenstics and temperature (Boyden & Russe1 1972 , Barnes 1973 , Brock 1991 .
The limited mobility of adult Cerastoderma edule and C. lamarcki suggests that processes involved in the recruitment of new individuals play a central role in generating spatial patterns of abundance. Recruitment involves the supply of larvae, settlement and survival of juveniles. Both species have free-spawning, external fertilization and planktivorous larvae. After a planktonic phase of 2 to 4 wk (Creek 1960 , Kingston 1974 the larvae settle at a size of 250 to 350 Pm during June and July. Several studies indicate that within a certain area, recruitment in C. edule may be highly variable on a year to year basis (e.g. Hancock & Urquhart 1965 , Beukema 1982 , Möller & Rosenberg 1983 , Jensen 1992 ), but less is known regarding spatial variability in recruitment. In C. edule, earlier studies on recruitment (e.g. Baggerman 1953 , Kristensen 1957 , Hancock 1973 , Andre & Rosenberg 1991 have emphasized the importance of predation from established populations of adult conspecifics. Furthermore, for this species, several studies indicate that exceptionally cold winters may cause severe mortality of adults with a subsequent strong recruitment in the following year (Kristensen 1957 , Hancock & Urquhart 1965 , Beukema 1979 , Jensen 1992 . In accordance with these observations, many authors (e.g. Boyden 1972 , Evans & Tallmark 1976 , Brock 1979 have noted that populations of C. edule are mainly composed of 1 or 2 dominant year classes.
Thus, there is evidence, mainly from tidal areas, of temporal and spatial patterns in abundance and age structure in Cerastoderma edule and to some extent in C. lamarcki. In this study we attempt to investigate the generality of spatial patterns of abundance and age structure with reference to different localities and spatial scales. This is done by replicated sampling and a more rigorous definition of spatial scales than previously demonstrated. The analyses mainly consist of hierarchical analyses of variance and Cover scales of 10' m to 105 m. Furthermore, information about spatial vanability provides an important background for the objectives and design of future studies, with tests of specific hypotheses about the population dynamics and distribution of C. edule and C. lamarcki.
MATERIALS AND METHODS
General sampling design. The area covered in this study, the northern parts of the Swedish west coast, is a marginal part of the North Sea (Fig. 1) . The area is influenced by several water masses and coastal currents with varying salinity and is practically atidal (tidal range 0.3 m). However, in response to changes in air pressure and winds, the sea level may fluctuate by up to 2 m (Johannesson 1989) . The geomorphology mostly consists of rocky shores, frequently interrupted by shallow, soft-bottom bays and fjords (length generally on the order of 10' to 103 m).
Analysis of spatial patterns was done by hierarchical analysis of variance (ANOVA) (Underwood 1981 , Montgomery 1991 . In contrast to spatial autocorrelation analysis, this technique has the potential for a unified analysis of a very wide range of spatial scales (in this study 10' to 105 m). The objective was to identify the scales that contnbuted most to the vanation in abundance and age (Morrisey et al. 1992 ). This can be achieved with a completely hierarchical sampling design, in which different spatial scales are considered as random factors. The F-test for each factor then becomes a test of whether each spatial level contributes significantly to the observed total vanation. From the mean Square estimates, ANOVA further allows a quantitative measure of the vanation associated with each factor in the analysis (Montgomery 1991) . Two separate sampling Programmes were designed for the investigations of abundance and agestructure respectively. Analysis of variability in abundance. The abundances of adult Cerastoderma edule and C. lamarcki were investigated along a 70 km section of the Swedish west coast (Fig. 1) between July 7 and 23, 1992. A sampling program was designed by selecting: 3 regions (R); 3 bays (B) within each region (Fig. 1 , Bays a to i); 3 sites (S) within each bay; 2 plots (P) within each site; and within each plot 3 replicate cores. This makes a total of 162 samples to detect vanability at scales ranging from 105 to 10' m ( Table 1 ). The estimates of abundance for C. edule and C. lamarcki were obtained from the Same cores and each species was considered in separate analyses. The linear model for each analysis was:
where X is abundance, p is the overall mean, Ri is the effect of the ith region, B(R)j(i) is the effect of the jth bay, S(B(R))kti(i)) is the effect of the kth site, P(S(B(R)))llk(i(i))) is the effect of the 1th plot, and E~~~~ is the error term.
Sampling was performed with a corer (0 = 0.31 m, height = 0.10 m), which was pushed into the Sediment and dug out. No information on the small-scale spatial variability was available beforehand for the 2 species. The rationale for using this size of sampling unit was practical, but the chosen core size is approximately 40 times larger than the area occupied by large cockles. This is well above the minimum recomrnendation (20 times) given by Green (1979) . The consequences of size of the corer and the number of replicates will be discussed below. The cockles were irnmediately extracted from the sediment with a 2 mm mesh sieve, thus the investigation of abundances does not include newly settled juveniles and larvae (< 2 mm). The bays within each region were selected using random numbers, which served as CO-ordinates in a map of the area. A few restrictions to the random selection of the bays were applied: (1) sampling was carried out within the 0 to 1 m isobath (cockles are seldom observed below 2 m in the area; pers. obs.); (2) bottoms with gravel and rocky bottoms were excluded; and (3) the bay should be big enough to allow balanced sampling (> 150 m long). The logical effect of posing restnctions to random sampling is that the hypotheses tested become less general and extrapolation of the results to other situations (e.g. smaller bays) requires that there is no bias in density of cockles due to the sizes of bays.
Analysis of variability in age. The age structure of Cerastoderma edule and C. lamarcki was determined from samples collected in 1992 during August 28 to October 16 and October 1 to 27, respectively. The rationale for these observations was mainly to supplement the investigation of abundances with information which contained temporal components of recruitment and survival.
Bays sampled for the investigation of age structures were randomly selected from a Set of bays in the northern Part of the study area, known to contain either of the 2 species. Only 1 species was collected from each bay. Differences in age structwe arnong species could be evaluated using the nested factor of bays within species. To achieve a balanced design, a 3 X 3 m bottom area was subsampled with a bailer. The sedirnent was immediately sieved with a 2 mm mesh until at least 15 individuals were collected and age determined as described below. For each species (Sp), replicated sampling was performed at 4 spatial scales: 4 bays ( Fig. 1 : Cerastoderma edule Bays j to m, C. lamarcki Bays n to q); 3 sites within each bay; 3 plots within each site; and within each plot 15 replicate individual~ were sampled (Table 1) . Thus for each species, a total of 540 individuals were measured and age determined and the linear model was:
where X is age, p is the overall mean, Spj is the effect of the ith species, B(SP)~(~) is the effect of the jth bay, S ( B ( S P ) )~~ (~) ) is the effect of the kth site, P(S(B(Sp)))l(k(i(i))) is the effect of the 1th plot, and E~~~~~ is the error term.
To properly characterize frequency distributions (e.g. the age structures of Cerastoderma eduie and C. lamarcki] a number of parameters may be employed. The ANOVA, however, only focus on differences in means and variability associated with the different spatial scales. Thus, there are several ways in which age structures may differ that are not investigated in this study. Nevertheless, rejection of the Ho of equal mean ages among bays provides evidence that the age structures differ.
As pointed out earlier, previous studies indicate that populations of Cerastoderma edule are dominated by one or a few year classes. To test whether the number of year classes and the frequency of the most dominant year class deviated from what is expected by chance, 2 separate types of randomization tests were designed (see below). In these randomization tests, individuals were randomly allocated among the units of the particular spatial level investigated. Thus, to estimate the expected number of year classes and the frequency of the most dominant year class in a plot, individuals were randomly allocated to plots within their original site. The analogous procedures were employed among sites and bays. For the investigation of the expected number of year classes present at a particular spatial unit, the data were scored as the mean number of year classes. The data on the degree of dominance of the most frequent year class were scored as the mean frequency of the most dominant year class.
Randomization (permutation) tests. In a randomization test for significance, the test statistic resulting from the original arrangement of numbers is compared to test statistics calculated from randomly rearranged sets of data. If the original test statistic is extreme, to a level specified by a, the original order of the data set is judged to be significantly different from random (Edgington 1986 , Manly 1991 . In contrast to ordinary parametric procedures, randomization methods do not rely on any parametric assumptions (Pearson 1937 , Kempthorne 1955 , Sokal & Rohlf 1981 . Another advantage of randomization tests is the possibility to design specific tests in non-standard situations (Edgington 1986 , Manly 1991 . In this study, randomization tests were employed to test whether the number of year classes and the frequency of the most abundant year class deviated from randomness at each spatial level. Furthermore, in the ANOVAs outlined above, error variances were found to be significantly heterogeneous in Cochran's test for homogeneous variances. Subsequent transformations were not successful in eliminating heterogeneity. The discrete nature of the data also suggests that the assumption of normally distributed residuals may not hold. Generally ANOVA is considered to be robust to moderate violations of the underlying assumptions, especially non-normality (Hack 1958 , Underwood 1981 , Manly 1991 , Winer et al. 1991 . Nevertheless, as a precaution we performed randomization tests on untransformed data to validate tabulated p-values in cases of significantly heterogeneous variances. In the ANOVA, ran-domization of the data was achieved by complete random permutations over the entire data Set. The number of permutations, N, for determining p-values for the ANOVAs was 20 000 and in the tests of the number of year classes and the frequency of the most dominant year class N was 1000. Below, it will be demonstrated that, in the analyses of variante, p-values generated by randomization and by ordinary parametnc procedures were close to identical and the results will not be separately discussed. All calculations were made using the Software MATLABTM (The Math Works, Inc., Natick, MA) on Macintosh computers.
Age determination. Shells of most species of bivalves exhibit more or less pronounced external growth marks corresponding to seasonal fluctuations in the growth rate (Orton 1923 , Haskin 1954 . In both Cerastoderma edule and C. lamarcki, external growth rings have frequently been used as indicators of age (e.g. Orton 1926 , Boyden 1972 , Brown et al. 1976 , Brock 1980 , Jones & Baxter 1989 , Ducrotoy et al. 1991 . This method was also employed in this study. Prior to the onset of the study, we analyzed growth patterns of sectioned and polished cockles, but this method yielded similar results as the simpler analysis of extemal growth rings. It is, however, obvious that the method has some problems, which should be taken into account in the interpretation of the results. First, there may not be a perfect correlation between the number of growth rings and the age of an individual. It has been suggested that other kinds of disturbances than seasonal vanations may affect shell formation and cause similar structures (Orton 1923 , Haskin 1954 . In freshwater bivalves, recent results indicate that shell size may even decrease (Downing & Downing 1993) . Second, defining a distinct growth ring is to some extent a subjective process, which may cause different results between readings by the Same person and, even more likely, those by different persons. These 'reader effects' are well-known phenomena and generally tend to smooth out frequency distnbutions, i.e. strong year classes will appear weaker and weak year classes will appear stronger than the true age distributions (Richards et al. 1992 ).
In our andyses, all readings were by the Same person. This implies that comparisons with age distributions from other studies should be done with caution. On the other hand, this reduces the ageing error. The error caused by repeated readings by 1 person remains. To investigate the reproducibility of age readings, we performed a test where age readings were done on each of the 2 valves, from a randomly chosen subset of the collected cockles (n = 40). For both species, about 40 % of the replicate age readings resulted in identical Scores (Cerastoderma edule, r2 = 0.75; C. lamarcki, r 2 = 0.82). From this analysis it is evident that biases may be introduced between different age reading occasions. For example, in C. edule the predicted slope was not included in the 95 % confidence interval. This emphasizes the need for proper randomization, not only during sampling but also during analysis of growth rings. In our study, individuals from 1 plot in each of the 3 sites in a bay were enumerated, pooled and their ages determined. This procedure reduces the risk of reading artefacts in tests of differences among plots and among sites. As individuals from different bays were aged on different occasions, such tests will have to be more carefully considered.
RESULTS

Variability in abundance
Cerastoderma edule and C. lamarcki occurred in 8 and 6, respectively, of the 9 randomly selected bays (Fig. 2) . The mean number of adult cockles per core Table 2 ). The major result when partitioning the variance components is the difference between the 2 species in the variability attributed to bays.
For C. edule, the contnbution of bays to the total variation is 0, while in C. lamarcki the difference among bays explains 80% of the total variation. For C. edule, most of the vanation (64 %) appears among sites within a bay. Furthermore, the residual variances for the 2 analyses gives a substantial contnbution (37 and 12% respectively) to the total variation, indicating a comparatively large vanation among replicate cores. In terms of precision this can be was 0.36 for C. edule and 0.44 for C. lamarcki, yielding expressed as SE/mean ratios for each plot, which were average densities of 1.2 and 1.5 m-', respectively in calculated to be 0.6 +: 0.3 and 0.5 rr 0.4 (mean rr SD) for shallow bays along the northern portion of the Swedish C. edule and C. lamarcki respectively. west coast. ANOVAs on abundance of C. edule and C. lamarcki revealed significant Patterns at different spatial scales (Table 2 ). Both species appeared in all Variability in age regions and the abundances did not differ significantly among regions. On the other hand, the abundances of Table 3 shows the results of the age analysis in C. edule and C. lamarcki both varied significantly Cerastoderma edule and C. lamarcki. In the analysis among sites located <I50 m apart. In addition C. lathe Sums of Squares of each species are partitioned marcki varied significantly among bays within regions.
within each spatial level to allow separate F-tests The analyses also suggest that none of the species within each species. No tests were performed on the spatial levels containing vanation from both species [B(Sp), S(B, SP) arid P P , B, Sp)l. The analysis of age revealed no significant difference in mean age between the 2 species. However, the power of the test was only 0.38 which means that if the measured difference of the means (2.5 yr; noncentrality parameter, @ = 1.36) reflects a true difference we would only identify this difference as significant with a probability of 0.38 given the present sampling design. The mean age of both species varied significantly at various spatial scales (Table 3) . For both species the mean age varied among bays. Furthermore, there was significant variation among plots in Cerastoderma edule and in C. lamarcki, both sites and plots contributed significantly to the total variation. Fig. 3 shows that generally all year classes are represented in all bays, although reading errors may have smoothed out the distributions. For each species, the age structures in each bay are usually uni-or bimodal with the modes varying among bays. The Same pattern emerges when the age structures are shown for each site separately (Fig. 4) . It should be noted that Figs. 3 & 4 represent age structures of individuals pooled within bays and sites, which means that individuals were not randomly sampled at these spatial levels. All statistical tests are, however, done with the appropriate degrees of freedom.
C. edule C. lamarclzi Each bay is shaded differently. The order of the bays, within each species, corresponds to the order in Fig. 1 Partitioning of the vanance components associated with each spatial scale within each species reveals that a large proportion (43 %) of the total variability in age of both Cerastoderma edule and C. lamarcki is accounted for by differences among bays (Table 3) . The remaining variability is mainly found among individual~ within plots, but, in C. edule, a considerable contribution (21 %) is also provided by plots within sites. In C. lamarcki, it is interesting to note that, although resulting in significant F-ratios, the variance components associated with sites and plots are much smaller than the contnbution from bays. As described above, the sampling of different bays containing C. edule and C. lamarcki was carried out over approximately 2.5 and 1 mo respectively. This means that the test of potential differences among bays may be confounded by time. Indeed, Fig. 5 suggests that the test of differences among bays may have been affected by time for C. edule. The probability that the bays will be ranked in the order that they were sampled is 2/4! = 0.083. The consequences of this potential effect on the analysis of age structure in C. edule will be discussed later.
The randomization tests for non-randomness in number of year classes and frequency of the most abundant year class are summarized in Table 4 . The general tendency in Cerastoderma edule is that in a certain area there tend to be fewer year classes (Fig. 6a) and the most abhndant year class tends to have a greater frequency (Fig. 7a) than expected by random allocation of the individuals among the units of the spatial level investigated. This indicated that, at each spatial level, different year classes are present in the units over which randomization was performed. Furthermore, the most dominant year class varies among the units. In C. lamarcki the randomization tests indicate that the year classes are randomly distributed among plots within sites (Fig. 6b) and that the Same year class dominates all plots within a site (Fig. 7b) . Among sites within bays and among bays, however, the individuals are non-randomly distributed.
DISCUSSION
Observations of spatial patterns of abundance
The analysis of spatial structure of abundance of the 2 species (Table 2) ral scale of a lifetime of C. edule, larvae are shading in Fig. 3 supplied to most bays. In C. lamarcki, however, 85 % of the variability was attributed to patches at the Same scale as the former species but the differences in abundance among bays. A striking difdominating spatial structure appears at the scale of ference among the investigated bays was the varibays (-103 to 104 m). In this study, it is only possible to ability in sediment characteristics. From visual inspecevaluate Patterns at scales larger than 1 m. For both tions at each sampling site, the sediments were species, the variability among replicate cores provided roughly characterized as ranging from silt to coarse a substantial proportion of the total variability. This sand. High densities of C, lamarcki were generally suggests that patchiness at scales smaller than investiassociated with the finer end of the sediment spectrum. This correlation, however, does not necessarily imply a causal relationship between sediment type and the distribution of C. lamarcki. Several models may be proposed to explain the observation of high variability in abundance among bays in C. lamarcki. Differential juvenile and/or adult mortality among bays may be responsible for the observed variability but the possibility of differential settlement, due to larval supply or habitat selection, cannot be ruled out. However, individual~ of C. lamarcki are sometimes found in more exposed locations with sandy sediments (pers. obs.). Furthermore, the opportunities for individual larvae to exercise habitat selection at the scale of bays may be limited (Butman 1987) .
In Cerastoderma edule, 64% of the variability was accounted for by differences among sites within bays. Although habitat differences among sites exist, they were less pronounced than differences among bays. On the other hand, the opportunities for habitat selection may be more important at this scale as larvae are more likely to encounter several sites within a bay. Alternative models to account for the vanability among sites include local hydrodynamic processes affecting larval supply and possibly sediment transport resulting in redistribution and mortality of newly settled larvae and juveniles (Baggerman 1953 , Emerson & Grant 1991 . The present discussion intends to suggest possible processes and models to explain the observed variability in abundances of Cerastoderma 'edule and C. lamarcki. The explanatory power of these and other models remains to be tested in manipulative experiments. However, the effects of processes affecting the abundance of the 2 species are not necessarily manifested as increased variability. For example, turbulent diffusion of larvae presumably tends to homogenize the distribution of larvae. Furthermore, potentially important processes, such as competition and predation may be density dependent and tend to level out spatial variability. In this study the densities of the 2 species were generally low and competition for space or food must be considered to be minimal. Predation on larvae and juveniles, on the other hand, is very likely to be substantial. Several studies on the Swedish West coast have previously emphasized the importance of predation from fish and mobile epifauna (Pihl 1982 (Pihl , 1985 and adult conspecifics (Andre & Rosenberg 1991 , Andre et al. 1993 .
Observations of spatial variability in age
There was no difference in mean age between Cerastoderma edule and C. lamarcki, but within each species the mean age varied at most spatial scales (Table 3) . The low power of the test and the possibility of differences in reading errors make conclusions regarding differences among species less reliable. However, the life Spans of the 2 species are apparently roughly similar and the main purpose of the observations was to investigate the spatial variability in age within each species. The results of the investigation of spatial variability in age for C. edule and C. lamarcki are summarized in Fig. 9 . The general tendency is increasing variance with increasing distance, i.e. individual~ living close to each other are more likely to be of the Same age than distant individuals. This indicates that there is spatial autocorrelation in recruitment and/or mortality. For both species a major part, 43%, of the total variability was caused by differences among bays (1 to 10 km scale). As previously mentioned, there is a possibility of temporal confounding in the analysis of age in Cerastoderma edule. The relatively large time Span between the sampling dates of the first and last bays may have allowed an increasing number of 0-aged individuals to grow into the detectaüle size class (cf. data in Möller & Rosenberg 1983). To evaluate the sensitivity of the conclusions to this potential temporal confounding, the data on age of C. edule were re-analyzed after omission of new recruits and subsequent balancing of the data with respect to the number of sites and individuals. This procedure reduces the number of degrees of freedom and thus the power of the test but the results of the analysis are consistent with the analysis of the whole data set including newly recruited individuals (Table 5) . From this analysis, it is not possible to conclude whether temporal confounding in the test for differences among bays actually occurred or not. The analysis shows, however, that the presence of such confounding would not severely alter the general patterns of variability (Fig. 9) and that a substantial proportion of the total variability is still provided by differences among bays.
Although significant in Cerastoderma lamarcki, the variability due to differences among sites was of minor importance for both species (Table 3) . For both C. edule and C. lamarcki, however, a substantial propor- observations could be interpreted as a result of predation from adult conspecifics in C. edule but conclusions about the relative importance of this mechanism as compared to other processes, e.g. settlement variability and post settlement transport (Baggerman 1953) , are not justified from these data. It is, however, interesting to note that non-randomness regarding the nurnber of year classes and dominance appears at several spatial scales and that differences exist between the 2 tion, 35 and 50% respectively, of the total variability was provided by the residual variances and in C. edule the vanability among plots within sites was relatively high (2 1 %) .
The temporal information added by the observations of age structure provides an opportunity to further evaluate previously proposed processes affecting the spatial distribution of Cerastoderma edule and C. lamarcki. In the investigation of age structure a narrower sampling critenon ensured that only bays with environmental conditions suitable for either of the 2 species were sampled. Thus, it may be hypothesized that a smaller proportion of the variability results from species. A general conclusion that emerges from this study is that for both Cerastoderma e d d e and C. lamarcki spatial vanability in abundance and age may be substantial at several spatial scales. Thus, any attempt to make large-scale comparisons of the population dynamics of these 2 species (e.g. Ducrotoy et al. 1991 ), or to use cockles for purposes of monitoring (e.g. Jones & Baxter 1989), must take small-scale vanability into account in the design of a sampling program. This may be done by completely randomized or hierarchical sampling.
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